Differential effect of ganglioside GM1 on rat brain phosphoproteins: potentiation and inhibition of protein phosphorylation regulated by calcium/calmodulin and calcium/phospholipid-dependent protein kinases.
The monosialoganglioside GM1 displays complex effects on protein phosphorylation of rat cerebral cortex membrane preparations. The exogenous ganglioside at a concentration of 350 microM in absence of calcium only stimulated the phosphorylation of a protein of MW = 64,000. In presence of 1 mM calcium a twofold effect is observed irrespective of the phosphoprotein considered. In particular there is an enhancement of 32P incorporation in four major phosphoproteins of MW = 160,000, 140,000, 64,000 and 50,000 in presence of GM1 compared with that observed with calcium alone. The maximal stimulating effect is achieved with a ganglioside concentration of 35 microM. This effect is inhibited by the addition of 100 microM trifluoperazine (TFP), a phenothiazine known to inhibit calmodulin and protein kinase-C activities. These four proteins represent the major substrates for the calcium/calmodulin-dependent protein kinase with the MW = 64,000 and 50,000 proteins co-migrating with the autophosphorylated subunits of this enzyme. In addition, the ganglioside inhibited the phosphorylation of three proteins with MW = 86,000, 20,000 and 14,000. The electrophoretic properties of these phosphoproteins are similar to the autophosphorylated form of protein kinase-C and to the rat myelin basic proteins, respectively. The effect of the ganglioside on their phosphorylation is not influenced by TFP. Finally, a protein with an apparent molecular weight of 46,000 shows also an increased phosphorylation in presence of GM1. The reported results indicate that exogenous GM1 can have profound effects on different kinases such as the calcium/calmodulin dependent protein kinase, the protein kinase-C and also some unknown calcium-independent protein kinases.